Long non-coding RNA HOTAIR regulates proliferation and invasion
via activating Notch signalling pathway in retinoblastoma
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Retinoblastoma is the most frequently occurring tumour in the eyes in early childhood. Novel targets that are
important for the diagnosis or treatment of retinoblastoma could be valuable in increasing the survival rate of patients
affected by this disease. Long non-coding RNAs (lncRNAs) are a recently discovered type of RNAs with no proteincoding function; yet it has become increasingly clear that lncRNAs are responsible for important gene regulatory
functions in various diseases. In this study, the expression of lncRNA HOTAIR was measured by qRT-PCR, and
HOTAIR expression was found to be significantly upregulated in human retinoblastomas tissues as compared with that
in paracancerous tissues. Knockdown of HOTAIR restricted the proliferation and invasion of the more invasive
retinoblastoma Y79 cells, and led to G0/G1 arrest, possibly through inhibiting phospho-RB1, RB1 and CCNE.
Furthermore, we found that the Notch signalling pathway was activated abnormally in retinoblastoma cell lines, while
knockdown of HOTAIR attenuated the endogenous Notch signalling pathway in vitro and in vivo. In addition,
knockdown of HOTAIR could inhibit the tumour progression in a xenograft model of retinoblastoma. In summary,
our findings indicate that HOTAIR may play important roles in retinoblastoma progression via Notch pathway.
HOTAIR has the potential to enhance the development of novel targeted diagnostic and therapeutic approaches for
retinoblastoma.
[Dong C, Liu S, Lv Y, Zhang C, Gao H, Tan L and Wang H 2016 Long non-coding RNA HOTAIR regulates proliferation and invasion via
activating Notch signalling pathway in retinoblastoma. J. Biosci. 41 677–687]

1.

Introduction

Retinoblastoma (Rb) is an eye cancer that originates from the
retina, and the most common intraocular malignancy developed in early childhood (de Jong et al. 2014). Although it is
relatively rare, an average of 250 to 500 children are diagnosed with retinoblastoma each year in the United States,
and 1 out of 18,000 to 30,000 live births worldwide is
estimated to be affected by retinoblastoma (Shields et al.
2014). Untreated retinoblastoma usually develops rapidly,
leading to blindness and also becoming fatal because
tumours might spread to the brain via the optic nerve. Due
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to the recent development of early tumour recognition and
treatments, the survival rate of patients with retinoblastoma
has improved dramatically since the first discovery of this
disease in 1597. Several methods have been employed to
manage intraocular retinoblastoma, with primary focal treatments targeting small tumours and local or systemic chemotherapies targeting the advanced disease (Rodriguez-Galindo
et al. 2008). Retinoblastoma generally results from the loss
of the retinoblastoma 1 gene (RB1), which is located on
chromosome 13 (13q14.2). However, there is so far no target
therapy that specifically kills retinoblastoma tumour cells but
spares normal retinal cells. Hence, it is important to identify
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novel targets or biomarkers in order to improve the diagnosis
and prognosis of retinoblastoma.
Long non-coding RNAs (LncRNA), which are nonprotein coding RNAs (>200 nucleotides), have been studied
extensively in the past decade and have demonstrated crucial
roles in normal developmental processes, such as cellular
multipotency and differentiation, as well as in the pathogenesis of various cancers and neurological disorders (Niland
et al. 2012). LncRNAs have shown potential roles in both
oncogenic and tumour-suppressing pathways. An oncogenic
lncRNA might result in uncontrolled growth of tumour cells
through regulating epigenetics and multiple signalling pathways. HOTAIR (HOX transcript antisense RNA), a 2.2 kb
gene on chromosome 12q13.13 and one of the most studied
PRC2-interacting lncRNAs, was first discovered by Howard
Y. Chang’s group (Gupta et al. 2010), who found that
HOTAIR promotes breast cancer metastasis. Various studies
have further indicated that HOTAIR plays important roles in
a number of pathological processes, especially the ones
involved in cancer development and progression. Li et al.
showed that HOTAIR promoted the malignant growth of
cancer stem cells in human liver by downregulating SETD2
(Li et al. 2015). Sharma et al. hypothesized that HOTAIR
could be a potential target of HPV oncoprotein E7 in HPV16
related cervical cancer, and disclosed the correlation between
HOTAIR and E7 in cervical cancer pathogenesis (Sharma
et al. 2015). Zhou et al. showed that HOTAIR enhances cell
proliferation, migration, and invasion in non-small cell lung
cancer (NSCLC) under hypoxic conditions, which suggests
that suppression of HOTAIR upon hypoxia could be a novel
therapeutic strategy for NSCLC (Zhou et al. 2015). It has
been reported that HOTAIR might serve as scaffolds for
histone modification enzymes to be selected and assembled
by providing binding surfaces, and therefore increasing specificity of the histone modifications pattern on specific genes
(Hung and Chang 2010; Tsai et al. 2010). Interestingly, a
recent genome-wide analysis revealed that HOTAIR expression is closely correlated with gene sets controlling cell cycle
progression, and absence of HOTAIR leads to G0/G1 cell
cycle arrest (Zhang et al. 2013). It is well known that
abnormalities of cell cycle genes contribute significantly to
the development of retinoblastoma (Kandalam et al. 2010).
Therefore, in the current study, we explore the potential role
of HOTAIR in the pathogenesis of retinoblastoma aiming to
identify novel molecular targeted therapeutics to improve the
outcome of retinoblastoma in the future.
The Notch signalling pathway is involved in many biological processes and regulates cellular proliferation, differentiation, cell cycle and apoptosis (Demarest et al. 2008).
The aberrant expression of the Notch pathway has been
associated with tumorigenesis in various types of cancers
(Lobry et al. 2011). Recently, it has been reported that Notch
pathway promotes development of retinoblastoma in
J. Biosci. 41(4), December 2016

collaboration with other signalling pathways, such as
PI3K/Akt and Wnt/β-catenin (Xiao et al. 2014). In addition,
multiple studies have shown the interaction between Notch
signalling pathway and lncRNAs. For example, Notch-1
increased the expression of lncRNA GAS5 and promoted
the proliferation of breast cancers (Pei and Wang 2015);
and lncRNA NALT up-regulated Notch signalling pathway
through cis-regulation in acute lymphoblastic leukemia
(Wang et al. 2015). It is therefore important to understand
the network between lncRNAs and Notch signalling pathway in retinoblastoma, in order to direct the development of
novel diagnosis and target therapies in retinoblastoma.
The present study has investigated the differences in
HOTAIR expression between retinoblastoma tissues and paracancerous tissues. Furthermore, the effects of HOTAIR on
proliferation, invasion, and cell cycle progression were evaluated in retinoblastoma model cell lines, and their effects on
tumorigenesis were determined in retinoblastoma xenograft.
Additionally, the interaction between lncRNA HOTAIR and
the Notch signalling pathway in retinoblastoma was explored in vitro and in vivo to clarify the underlying molecular
mechanism.

2.
2.1

Materials and methods

Patients and biological samples

Tumour tissue samples from 32 retinoblastoma patients who
had received surgical therapy between October 2012 and
December 2014 were obtained from Yantai Yuhuangding
Hospital (Shandong, China). These subjects included 19
males and 13 females with a mean age of 8.42±1.97 years.
The paracancerous tissues, used as the negative control, were
1 cm from the edge of the tumour, with no obvious tumour
present, as evaluated by an experienced pathologist. The
tumour samples and matched paracancerous tissues were
snap-frozen in liquid nitrogen immediately after resection
until total RNA and protein extraction. The study protocol
was approved by the Ethics Committee of Yantai Yuhuangding Hospital and informed consents were collected from all
study participants prior to the tissue collection. The differences of HOTAIR expression in retinoblastoma cancerous
tissues and paracancerous tissues were analysed by paired ttest.

2.2

Cell lines

Human retinoblastoma cells (Y79 cells and WERI-Rb-1
cells) were purchased from Cellbio Biotech. Company
(Shanghai, China). The cells were cultured in RPMI-1640
medium (Gibco-BRL, Grand Island, NY, USA)
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supplemented with 10% fetal bovine serum (Gibco-BRL,
USA) at 37°C in a humidified atmosphere of 95% air and
5% CO2.
2.3

2.5

siRNA transfection

Briefly, for transfection, cells were seeded into six-well
plates at a density of 5×104 cells/well. When cell viability
reached approximately 80%, transient transfection was performed following the manufacturer’s instructions. Human
retinoblastoma cell lines (Y79 and WERI-Rb-1) were transfected in triplicate with the final concentration of 20 nM
siRNA nucleotides (Ribo Biotech, Guangzhou, China) by
lipofectamine 2000 (Thermofisher, USA) for 48 h before
sample collection. The sequences were as follows: siRNAs
targeting HOTAIR (si-HOTAIR): Sense, 5′-CAGC
CCAAUUUAAGAAUUAUU-3′, antisense, 5′-UAAUUCUUAAAUUGGGCUGUU-3′. The negative control siRNAs (Scramble): Sense, 5′-AAGAAUUAUUCAGC
CCAAUUU-3′, antisense, 5′- GGGCUGUUUAAUUCUUAAAUU-3′.
2.4

5′-TCACTGGGTGCCATCGTAAGAA-3′; GAPDH, forward Primer, 5′-GGATGCAGCCTCACAGTCCTTAC-3′,
reverse primer, 5′-GGCCTCAGGGTCCAAAGACA-3′.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

The analysis of mRNA expression was performed using a
Bio-Rad iCycler (Bio-Rad Laboratories, Berkeley, California, USA), and each mRNA expression was normalized to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) ribosomal RNA expression of each sample. Briefly, 1 μg
total RNA extracted through TRIzol reagent (Thermofisher, USA) was used in the reversal transcription (RT)
reaction with 0.5 μg of oligodT primer, 10 mmol/L of
each of the 4 dNTP, 25 mmol/L of MgCl2, 10 U of
RNA inhibitor and 50 U of superscript II reverse transcriptase (all purchased from Invitrogen, USA) according
to the manufacturer's instruction. The final solution was
used directly for PCR amplification. Each cDNA reaction
was diluted, along with a calibrator sample containing the
transcript of interest and was analysed in 25 μL of BioRad SYBR Green (Bio-Rad Laboratories, Berkeley,
California, USA) reactions with 10 pmol of primers. Reactions were processed using one initial denaturation cycle
(5 min at 94°C), followed by 30 cycles of denaturation
(30 s at 95°C), annealing (45 s at varied temperatures
specific for different genes) and amplification (1 min at
72°C). A final melt curve determination cycle followed,
consisting of one denaturation cycle of 1 min at 95°C, one
annealing cycle of 1 min at 55°C and 80 cycles of 5 s each
at 55°C–95°C. Human gene-specific oligonucleotide
sequences were: HOTAIR, forward primer, 5′-GTGG
TG CTG ACA AA GCTT GGA A-3 ′ , r e ve r s e p r i m e r ,

Western blot

Cultured cells were lysed in RIPA buffer containing protease
inhibitor cocktail. Equivalent amounts of protein were separated by electrophoreses and transferred onto a polyvinylidene fluoride (PVDF) membrane (Millipore, USA). The
membranes were blocked with 5% nonfat milk in Trisbuffered saline and then incubated with CCND1 (No.
2922, Cell Signaling Technology, dilution of 1:4000),
E2F1 (No. 3742, Cell Signaling Technology, dilution of
1:5000), RB1 (No. 9309, Cell Signaling Technology, dilution of 1:5000), phospho-RB1 (No. 2181, Cell Signaling
Technology, dilution of 1:2000), or CCNE (No. 4129, Cell
Signaling Technology, dilution of 1:4000) monoclonal antibodies, followed by incubation with horseradish peroxidaseconjugated secondary antibody (Santa Cruz Biotech, USA).
GAPDH (Santa Cruz Biotech, USA) was used as a loading
control.
2.6

Cell proliferation analysis

The standard colorimetric Cell Counting kit-8 (CCK-8;
Dojindo Laboratories, Kumamoto, Japan) was used for
the determination of the number of viable cells in cell
proliferation assays. Y79 cells and WERI-Rb-1 cells were
seeded with a volume of 200 μL cell suspension (10,000
cells/well) into 96-well plates. The cells were incubated
with DAPT for 0, 24, 48, 72, or 96 h and 20 μL CCK8 was added to each well and incubated for 2 h at 37 C.
Optical densities were measured using a microplate reader
(Elx800; Bio-Tek Inc., North Brunswick, NJ, USA) by
scanning at 450 nm.
2.7

Cell cycle analysis

Y79 cells and WERI-Rb-1 cells were transfected with siRNAs and suspended in PBS at a density of 1×106 cells/mL.
The cells were then treated with absolute ethanol for 10 min,
re-suspended in PBS containing 50 μg/ mL RNaseA, 1%
Triton X-100 and 40 μg/mL propidium iodide (SigmaAldrich), incubated for 30 min at 37°C, and analysed with
flow cytometer at 488 nm of wavelength.
2.8

Cell invasion analysis

The invasion assays were carried out using a Transwell
chamber (Corning, NY, USA). 1 × 105 cells in serum-free
J. Biosci. 41(4), December 2016
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medium were placed into the upper chamber with an insert
coated with Matrigel (BD Biosciences, San Jose, CA,
USA). Next, medium containing 10% FBS was added to
the lower chamber. After 24 h of incubation, the cells
remained on the upper membrane were eliminated, and
the cells migrated or invaded through the membrane were
fixed and stained with methanol and 0.1% crystal violet.
The cells were then counted, and imaged using an IX71
inverted microscope (Olympus, Tokyo, Japan).
2.9

Luciferase assay

between groups and the difference was considered significant when p<0.05.
3.
3.1

Results

Expression of HOTAIR is up-regulated in
retinoblastoma

To explore the expression of HOTAIR in human retinoblastomas, we analysed a cohort of 32 primary human retinoblastoma and their paracancerous tissues. We performed qRT-PCR
and confirmed that HOTAIR expressions were significantly

A firefly luciferase encoding plasmid vector, pGL3-Basic
Vector, containing the promoter of Hes-1 or Hey-1, referred
to as pGL3-Hes-1 or pGL3-Hey-1, were commercially constructed by Fitgene Biotech (Guangzhou, Guangdong, China). Cells were harvested 48 h after transfection of pGL3Hes-1 or pGL3-Hey-1. The transfection was performed with
Lipofectamine 2000 (Invitrogen, USA) and in the presence
of Scramble siRNA or si-HOTAIR, in addition to a renilla
encoding plasmid (Life Technologies, USA) for normalization. Firefly and renilla luciferase activities were measured
using the dual-luciferase reporter assay system (Promega,
USA) according to the manufacturer’s instruction.
2.10

Subcutaneous xenograft experiments

Male BALB/c nude mice (6 weeks old, n=8 for each group)
were purchased from Vital River Laboratories Company
(Beijing, China). Subcutaneous xenograft experiments were
performed in adherence to the ARVO Animal Statement
(Antczak et al. 2009). Briefly, mice were anesthetized with
isoflurane, 1×106 Y79 cells embedded in matrigel (BD Biosciences, San Jose, CA) with HOTAIR knockdown were
injected subcutaneously in the right flank of 6-weeks old
BALB/c male mice, while 1 × 106 Y79 cells with Scramble
siRNAs were injected in the left flank. Tumour size was
measured externally every three days with a caliper, and
tumour volume was calculated according to the formula:
volume = 0.5×length×width2. Mice were euthanized after
24 days by isoflurane overdose followed by decapitation.
Tumours from each flank of the mice were excised, and the
total proteins and RNAs were extracted for western blot and
qRT-PCR analyses.
2.11

Statistical analysis

All statistical analyses of data were conducted by the SPSS
software (SPSS Inc., Version 18.0, Chicago, USA). All data
are expressed as mean ± standard deviation. Mann-Whitney
U-test or paired t-test was used to assess the difference
J. Biosci. 41(4), December 2016

Figure 1. Expression of HOTAIR is up-regulated in retinoblastoma. (A) The expression level of HOTAIR was measured in retinoblastomas tissues as compared to paracancer tissues. GAPDH gene
expression was used as normalization control. (B) The expression
level of HOTAIR was measured in human retinoblastoma cell lines
Y79 and WERI-Rb-1. GAPDH gene expression was used as normalization control. Data represents mean ± standard deviation from
three independent experiments. *p<0.05.
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increased (p=0.027) in all 32 human retinoblastoma patients as
compared to those in the corresponding paracancer tissues
(figure 1A). Next, we evaluated the expression of HOTAIR
in two human retinoblastoma model cell lines, Y79 and
WERI-Rb-1 cells (figure 1B). It is well known that the
biological behaviors of Y79 cells were similar to invasive
and metastatic human retinoblastomas; after inoculation
into eyes of nude mice, tumour invasion was found not
only in eye structure, but also in the subarachnoid space
and brain tissue. On the other hand, WERI-Rb-1 cells
were closer to non-metastatic human retinoblastomas; the
cells do not invade the front choroid until late inoculation.
Therefore, since we hypothesized that HOTAIR is correlated to the proliferation and invasion of retinoblastoma,
these two model cell lines could well represent two retinoblastoma subtypes and we expected differences in the
expression of HOTAIR. Indeed, we found that compared to
WERI-Rb-1 cells, HOTAIR expression was significantly
higher in Y79 cells (p<0.05), indicating that HOTAIR
might play important roles in retinoblastoma proliferation
and invasion.

3.2
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Knockdown of HOTAIR reduces proliferation and
invasion of Y79 retinoblastoma cells

We continued to evaluate whether knockdown of HOTAIR
affected retinoblastoma cell proliferation and invasion in vitro.
HOTAIR-specific siRNA was transiently transfected into Y79
or WERI-Rb-1 retinoblastoma cells and the decreased expressions of HOTAIR were confirmed by qRT-PCR in both cell
lines (figure 2A). Next, we demonstrate that compared to
Scramble siRNA treatment, knockdown of HOTAIR significantly reduce the proliferation of Y79 cells at 72 h and 96 h
post-transfection (p<0.05). However, such effect was not observed at any time point in WERI-Rb-1 cells (figure 2B), indicating the effect of HOTAIR might be more important in
invasive and metastatic retinoblastomas. We further examined
whether there was a decrease in invasion rate following
HOTAIR knockdown. Using transwell assay, we detected a
significant 70% decrease in the extent of invasion in Y79 cells
after HOTAIR knockdown (p<0.05) (figure 2C). The change of
invasion rate in WERI-Rb-1 cells was not observed due to poor
invasive capability of this cell line (data not shown).

Figure 2. Knockdown of HOTAIR reduces proliferation and invasion of Y79 retinoblastoma cells. (A) The relative expression level of HOTAIR
normalized to GAPDH was measured in Y79 and WERI-Rb-1 cells transfected with HOTAIR-specific siRNA (si-HOTAIR) or Scramble siRNA
(Scramble) as control. Data represents mean ± standard deviation from three independent experiments. *p<0.05. (B) CCK-8 assay was used to
detect the cell growth status at 0, 24, 48, 72 and 96 h after transfection with Scramble or si-HOTAIR. All data were normalized to the mean of
Scramble group at 0 h. Data represents mean ± standard deviation from three independent experiments. *p<0.05; #p<0.05. (C) Transwell assay was
performed in Y79 cells to detect the cell invasive capability after transfection with Scramble or si-HOTAIR, and the rate of invasive cells was
analysed. Representing figures are listed to the left and the relative invasion rate is listed to the right. *p<0.05.
J. Biosci. 41(4), December 2016
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Figure 3. Knockdown of HOTAIR leads to G0/G1 arrest in Y79 retinoblastoma cells. (A) Y79 cells were treated with scramble siRNA or
si-HOTAIR for 48 h, and PI staining was used to analyse the cell cycle distribution. (B) Protein extracts were obtained from Y79 cells, and
Western blot assay was performed to detect the protein level of phospho-RB1, RB1, E2F1, CCND and CCNE. GAPDH was used as loading
control.

3.3

Knockdown of HOTAIR rescues cell cycle distribution
in Y79 retinoblastoma cells

It is well recognized that retinoblastoma cells show aberrant
cell cycle distribution (loss of G1/S checkpoint) due to lack
of functional RB1 genes. Hence, in order to determine how
HOTAIR regulates proliferation or invasion, the cell cycle
distribution was analysed using flow cytometry after
HOTAIR siRNA treatment in Y79 cells. Interestingly, we
found that knockdown of HOTAIR caused an apparent G0/
G1 arrest and the percentage of cells distributed in S or G2/
M phases was markedly decreased (figure 3A). Again, this
phenomenon was not seen in WERI-Rb-1 cells (data not
shown). The cell cycle was tightly regulated by a variety of
proteins. The widely accepted model of G1 cell cycle progression proposes that cyclin D and Cdk4/6 inactivate the Rb
tumour suppressor during early G1 phase by progressive
multi-phosphorylation to release the E2F1 transcription factors, and CCNE is then activated to continue the cell cycle
progression. Therefore, we evaluated the expressions of several key cell cycle-related proteins, including phospho-RB1,
RB1, E2F1, CCND and CCNE, following HOTAIR siRNA
J. Biosci. 41(4), December 2016

treatment. This showed that although the expression levels of
CCND and E2F remained similar between HOTAIR knockdown and control-treated groups in Y79 cells, the expression
of phospho-RB1, RB1 and CCNE were significantly decreased after HOTAIR knockdown in Y79 cells (figure 3B),
suggesting that HOTAIR might be responsible for the loss of
G1/S checkpoint in invasive retinoblastomas.

3.4

Notch signalling pathway is involved in HOTAIR
mediated tumour progression

The Notch signalling pathway is a pathway leading to cell
proliferation and invasion by regulating downstream targets.
In order to understand the role of Notch signalling in retinoblastoma, we sought to determine whether there is a difference between the expression of Notch1, the most common
receptor, and Jagged1, the most common ligand in Notch
signalling pathway in Y79 and WERI-Rb-1 cells. Significantly higher expressions of Notch1 and Jagged1 were
detected in Y79 cells compared with WERI-Rb-1 cells
(figure 4A). These results suggested that Notch signalling

Role of HOTAIR in retinoblastoma
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Figure 4. Notch signalling pathway is involved in HOTAIR-mediated tumour progression. (A) Protein extracts were obtained from Y79
and WERI-Rb-1 cells, and Western blot assay was performed to detect the protein level of NOTCH1 and JAGGED1. (B) Protein extracts
were obtained from Y79 cells transfected with Scramble or si-HOTAIR, respectively, and Western blot assay was performed to detect the
protein level of NOTCH1 and JAGGED1. (C) Luciferase reporter assay was used to detect the promoter activities of Hes-1 and Hey-1 in
Y79 cells transfected with Scramble or si-HOTAIR, respectively. Data represents mean ± standard deviation from three independent
experiments. *p<0.05. (D) Rescue experiment was designed and the luciferase reporter assay was used to detect the promoter activities of
Hes-1 and Hey-1 in Y79 cells, in which HOTAIR was knocked down and empty vector (Vector) or NICD overexpression plasmid (NICD)
was cotransfected. Data represents mean ± standard deviation from three independent experiments. *p<0.05.

pathway might be important in invasive retinoblastomas. It
has been reported recently that inhibition of the Jagged/
Notch pathway inhibits the proliferation of retinoblastoma
cells (Xiao et al. 2014). Additionally, we showed here that in
Y79 cells, the expression levels of Notch1 and Jagged1 were
decreased significantly after HOTAIR knockdown
(figure 4B), indicating that HOTAIR could regulate proliferation and invasion in retinoblastoma through activating
Notch signalling. Moreover, luciferase reporter plasmids
containing Hes-1 or Hey-1 promoter, two confirmed downstream targets of Notch signalling, were transfected into Y79
cells, and the luciferase activities were measured. The promoter activities of Hes-1 (p<0.05) or Hey-1 (p<0.05) decreased dramatically in cells with HOTAIR knockdown
(figure 4C), further confirming that HOTAIR positively regulates the functions of Notch signalling pathway in retinoblastoma. Finally, as a rescue experiment, we stimulated the
Notch signalling pathway by transient transfection of NICD

(the Notch intracellular domain) plasmid following HOTAIR
siRNA treatment and found that both the Hes-1 (p<0.05) and
Hey-1 (p<0.05) luciferase reporter activities were also greatly increased (figure 4D), indicating that Notch signalling
pathway was one of the primary effectors in HOTAIR-mediated tumorigenesis of invasive retinoblastomas.

3.5

Knockdown of HOTAIR inhibits the tumorigenesis of
Y79 retinoblastoma cells in vivo

The study above confirmed that HOTAIR functions as an
oncogene, knockdown of which could inhibit the proliferation and invasion of Y79 retinoblastoma cells in vitro. In
order to examine the biological function in vivo, we
employed the subcutaneous xenograft experiments in
BALB/c nude mice. The Y79 cells transfected with Scramble or HOTAIR siRNA were injected into the nude mice
J. Biosci. 41(4), December 2016
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Figure 5. Knockdown of HOTAIR inhibits the tumorigenesis of Y79 retinoblastoma cells in vivo. (A, B) Subcutaneous xenograft
experiments were performed in nude mice with Y79 retinoblastoma cells. The tumour size in si-HOTAIR group (n=8) was compared with
that in Scramble group (n=8). (C) RNA extracts were obtained from Scramble group and si-HOTAIR group, and qRT-PCR assay was
performed to detect the RNA level of HOTAIR. GAPDH gene expression was used as internal control and all data were further normalized
to the mean of Scramble group. (D) Protein extracts were obtained from Scramble group and si-HOTAIR group, and western blot assay was
performed to detect the protein level of RB1, Phospho-RB1, CCNE, NOTCH1 and JAGGED1.

respectively. The results showed that the tumour size of
HOTAIR knockdown group was significantly smaller than
that of the Scramble group (figure 5A, B). Finally, the
tumours were collected from the sacrificed mice, and the
qRT-PCR result obtained from there indicated that the expression of HOTAIR was indeed downregulated in the
HOTAIR knockdown group (figure 5C). Furthermore, consistent with our previous in vitro observation, markedly
decreased expressions of RB1, Phospho-RB1, CCNE,
Notch1 and Jagged1 were also detected in the HOTAIR
knockdown group compared with the Scramble group
(figure 5D). Taken together, the results elaborated that
knockdown of HOTAIR could inhibit the tumorigenesis of
Y79 retinoblastoma xenograft in vivo, possibly through suppressing Notch signalling pathway.

4.

Discussion

Retinoblastoma is a rapidly developing carcinoma originated
from immature cells of the retina, and is the most frequently
reported malignant eye tumour in early childhood. The
J. Biosci. 41(4), December 2016

disease may either be ‘heritable’ or ‘non-heritable’, and
combined in both cases two-third of the affected cases present with unilateral retinoblastoma (MacCarthy et al. 2009).
The genetic basis of the disease is the biallelic inactivation of
the RB1 gene, which is relevant to all cases involving both
the heritable form and most of the non-heritable cases
(Malusa et al. 2015). Novel diagnostic and therapeutic targets are urgently needed to improve the survival rate of
patients affected with retinoblastoma.
As important regulators for chromosome remodeling, transcription and post-transcriptional processing, lncRNAs have
received increasing attention, especially in the area of cancers
(Shi et al. 2013). HOTAIR, a long intervening non-coding Hox
transcript antisense intergenic RNA, is reported to reorganize
chromatin structure and facilitate the progression of tumours
(Chen et al. 2015). HOTAIR has been found to be overexpressed in various types of human cancer and is considered as
a negative prognostic indicator, the expression of which
showed a close relationship with increase in cancer cell metastasis (Kogo et al. 2011; Lu et al. 2012; Kim et al. 2013). A
recent study showed that HOTAIR is a biomarker for hepatocellular carcinoma (HCC) progression and tumour recurrence,
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Figure 6. The schematic illustration of the effects of HOTAIR in promoting the tumorigenesis of retinoblastoma. Based on our findings,
HOTAIR can promote the tumorigenesis in invasive retinoblastoma through (1) positively regulates the biosynthesis of Notch receptors
(NOTCH1) and Notch ligands (JAGGED1); (2) positively regulates the transcriptional activation of Notch signalling-targeted downstream
genes that control cell proliferation, invasion, and cell cycle; (3) mediates other signalling pathways that control proliferation, invasion, and
cell cycle in invasive retinoblastoma.

indicating that targeting HOTAIR may be a novel therapeutic
strategy for HCC (Gao et al. 2016). Meanwhile, Liu et al.
showed that high expression of HOTAIR in cancerous tissue
could predict poor clinical outcome in gastric cancer, suggesting HOTAIR abundance may serve as a novel candidate biomarker for the clinical outcome in gastric cancers (Liu et al.
2016). Zhao et al. showed that increased plasma HOTAIR and
CCAT1 could be used as a predictive biomarker for colorectal
cancer (CRC) screening (Zhao et al. 2015). Moreover, Berrondo et al. showed that the HOTAIR expression in urines from
urothelial bladder cancer (UBC) patients can serve as biomarkers, and the HOTAIR has been shown to facilitate tumour
initiation and progression and is associated with poor prognosis in UBC (Berrondo et al. 2016). Our results indicated that
HOTAIR, like in other types of cancers mentioned above, also
showed higher expression in cancerous rather than in paracancerous tissues. A more comprehensive analysis concerning
the correlation between HOTAIR and tumour progression (like
the tumour size, location or other clinical factors) needs further
illustration and calls for a larger cohort of patients.
Functionally, HOTAIR is also relevant to cellular proliferation, invasiveness, and clinical relapse in small-cell lung
cancer (Ono et al. 2014) and non-small cell lung cancer (Liu
et al. 2013; Nakagawa et al. 2013). Nevertheless, little is
known about its roles in the development of retinoblastoma.
In this study, for the first time, we show that HOTAIR is upregulated in retinoblastoma patients. In addition, the high

expression of HOTAIR is closely correlated with increased
proliferation and invasion in more invasive retinoblastomas
in vitro and in vivo. These findings thus establish the novel
role of lncRNA HOTAIR in retinoblastoma pathogenesis.
Accumulating evidence has shown that Notch signalling
is associated with tumorigenesis, lymph node metastasis, and
chemoresistance in human breast cancer (Weijzen et al.
2002; Wang et al. 2011). Four Notch receptors (Notch1–4)
could bind with the Notch ligand, Jagged1, Jagged2, or
DLL1-3, leading to cleavage of the transmembrane receptor
(Jarriault et al. 1998; Suman et al. 2013), which results in the
release of the receptor intracellular domain into the nucleus
and the consequent activation of downstream genes, including Hes-1 (Jarriault et al. 1998) and Hey-1 (Bailey and
Posakony 1995). Our data demonstrate that suppression of
HOTAIR expression not only attenuates the biosynthesis of
Notch signalling receptor and ligand, but also suppressed the
expression of Notch downstream target genes (Figure 6).
These results imply that HOTAIR might exert its function,
to a great extent, via positively regulating Notch signalling
pathway. Our current work did not further explore the detailed mechanisms of how HOTAIR controls Notch, for
instance, whether through miRNAs network (Sun et al.
2015). It is also possible that HOTAIR could directly modulate genes that are crucial in proliferation, invasion, and cell
cycle progression (figure 6), which needs to be further examined in our future work. Nevertheless, all our findings
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have essential implications for the diagnosis and treatment of
retinoblastoma and further prospective investigations.
Taken together, our study suggests that HOTAIR could
function as a tumour-promoting gene in retinoblastoma via
regulating cell proliferation, invasion and cell cycle progression. Furthermore, we demonstrate that HOTAIR-mediated
promotion of cell growth, invasion and cell cycle is substantially through Notch signalling pathway in retinoblastoma.
Our findings may supply a strategy for targeting HOTAIR as
a novel therapeutic application for retinoblastoma patients.
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